however, the low etch contrast between two blocks and the difficulty to reduce La limit its application. In this study, we designed and synthesized the novel DSA materials based on PS-b-PMMA. Through the modifying of acrylics part, segment-segment interaction parameter (X) can be significantly increased, which leads to rapid self-assembly and high etch contrast.
INTRODUCTION
As we all know, photolithography has been the workhorse of the industry, which is crucial in the manufacture of smaller devices with excellent storage capacity.
However, the patterning technology is approaching resolution limit after 10 nm node. Directed
Self-Assembly (DSA)lithography has attracted more and more attention due to its high potential resolution and extremely low cost when it is compared with EUVL [6] [7] [8] .
The traditional DSA materials have relatively low etch contrast between two blocks and the resolution limitation, such as PS-b-PMMA, the resolution is up to nearly 20 nm. In this study, we synthesized a series of novel and rapid self-assembly block copolymers, which based on modifying of traditional DSA materials by anionic polymerization [9] . Also we synthesized different brush polymers to modify the surface of silicon wafers as neutral layers for the following DSA process [10] [11] . In order to realize sub-I 0 nm patterning capabilities, we precisely controlled the ratio of each component to reach max resolution.
All resulted materials show extremely high resolution up to 17.7 nm separated lamella morphology and 14. 
EXPERIMENT AND DISCUSSION

Synthesis of block copolymers and characterization
We synthesized a series of modified PS-b-PMMA block copolymers following the standard process. [12] And the polymer synthesis details will be disclosed later.
After the polymerization the polymer was purified by dissolution and precipitation, following with the nuclear magnetic resonance (NMR) and gel permeation chromatography (GPC) measurement. 
0.15 0.20 Figure 1 . Bulk morphologies at room temperature, after thermal annealing of typical lamella structure and hexagonal structure o/sample one (a) and sample two (b) respectively, which were defined by SAXS measurement. 
TEM image of novel DSA materials
The TEM image can further illustrate the morphology of these novel DSA materials. As can be seen from the picture, the lamella morphology can be obtained 
CONCLUSIONS
In this work, we first synthesized a series of novel and rapid self-assembly block copolymers, which based on modifying of traditional DSA materials PS-b-PMMA.
The structure of materials and the morphology of the self-assembly sample were measured with IH-NMR, GPC, SAXS and TEM. All these shows the reasonable structure and excellent performance.
I-------i 50 n m Figure 2 . TEM image of this rapid assembly material aft er the thermal annealing at 100 "C for 5 min. The regular stripes show that the lamella morphologyforming in long range order.
By precisely controlling the ratio of each component we got different domain spacing and morphology. Also these novel materials easy to self-assembly in relatively low temperature and extremely short time. Finally, we managed to obtain the sub-l 0 nm patterning by using this high resolution DSA material.
